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BACKGROUND OF THE INVENTION 

Field of the Invention: 

The present invention relates to a parallel computer architecture able to 
implement an SIMD (Single Instruction Stream, Multiple Data Stream) architecture, and 
more specifically relates to a computer architecture that is able to perform general- 
purpose parallel processing by means of appropriate and high-speed memory control. 

Description of the Prior Art: 

Now that computers have been introduced into many aspects of society in its 
entirety and the Internet and other networks have become pervasive, data is being 
accumulated on a large scale. Vast amounts of computing power is required in order to 
process data on such large scales, so attempts to introduce parallel processing are natural. 

Now, parallel processing architectures are divided into "shared memory" types 
and "distributed memory" types. The former ("shared memory" types) are architectures 
wherein a plurality of processors shares a single enormous memory space. In this 
architecture, traffic between the group of processors and the shared memory becomes a 
bottleneck, so it is not easy to construct practical systems that use more than 100 
processors. Accordingly, at the time of calculating the square roots of 1 billion floating- 
point numbers, for example, processing can be performed no faster than 100 times the 
speed of a single CPU. Empirically, the upper limit is found to be roughly 30 times. 

In the latter ("distributed memory" types), each processor has its own local 
memory and these are linked to construct a system. With this architecture, it is possible 
to design a hardware system that incorporates even several hundred to lens of thousands 
of processors. Accordingly, at the time of calculating the aforementioned square roots of 
1 billion tloating-point numbers, processing can be performed several hundred times to 
lens of thousands of times the speed of a single CPU. However, ihc latter also has 
several problems as will be described later. 



The present invention perlains to ihc "distributed memory" type, so we shall 



make comparisons with the prior art while firsl adding some description of 
architecture. 



[Problem 1: Division of Managemenl of Large Arrays] 

The first problem with "distributed memory" type architectures is the problem of 
the division of management of data. 

Huge amounts of data (typically consisting of arrays, so hereinafter we shall 
describe it in terms of arrays) cannot be stored in the local memory belonging to a single 
processor, so it must be managed by division among a plurality of local memories by 
necessity. It is evident that an effective and flexible division of management mechanism 
must be introduced or this will bring various obstacles to the development and execution 
of programs. 

[Problem 2: Poor Efficiency of Interprocessor Communication] 

When the various processors in a distributed memory type system are to access 
huge arrays, while each processor can quickly access the array elements in the local 
memory, interprocessor communication becomes vital for accessing array elements 
belonging to other processors. This interprocessor communication has extremely low 
performance in comparison to communication with local memory, being said to require a 
minimum of 100 clock cycles. For this reason, performance is extremely degraded 
during the implementation of sorting because lookups are performed over the entire 
scope of a huge array and thus interprocessor communication occurs frequently. 

Here follows a detailed description of this problem. As of the year 1999, personal 
computers use between one and several CPU's in a "shared memory" type architecture. 
The standard CPU used in these personal computers operates with an internal clock 
speed roughly 5-6 times that of the memory bus, being equipped with automatic internal 
parallel execution functions and pipeline processing functions so that one piece of data 
can be processed in roughly one clock cycle (memory bus). 

When a sort process is performed on a huge array in a "shared memory" type 
personal computer, one clock cycle is required for one piece of data, so it is thought to 
achieve 100 times the performance of a "distributed memory" type multiprocessor 
system that requires 100 clock cycles (memory bus) for one piece of data. 

| Problem 3: Supply of Programs| 

The third problem with the "distributed memory" type architecture is the problem 
of how programs are to be supplied to the plurality of processors. 



In an architecture wherein programs are loaded separately to an extremely large 
number of processors and the whole is operated cooperatively (MIMD: Multiple 
Instruction Stream, Multiple Data Stream), the creating, compiling and distributing of 
programs poses a major burden. 

On the other hand, in an architecture wherein many processors are operated with 
the same program (SIMD: Single Instruction Stream, Multiple Data Stream), the degree 
of freedom in programming is reduced, so situations in which programs that give the 
desired results cannot be developed are also conceivable. 

The present invention provides a method and computer architecture for solving 
Problems 1 through 3 with the "distributed memory" type described above. Problem 1 
with the division of management of large arrays can be solved by the division of 
management with a method in which the layout (physical addresses) of various elements 
within the array is uniform within the various processor modules. By means of this 
technique, the need for garbage collection is eliminated, the insertion or deletion of 
array elements is completed in several clocks, and the implicit (non-explicit) division of 
processing by the various processors essential for the implementation of SIMD can be 
allocated. This method will be described later by the concept of "multi-space memory." 

Problem 2 with the poor efficiency of interprocessor communication can be 
solved by reconnecting the various processors depending on the processing that is to be 
achieved, and performing one-directional continuous transfer of stipulated types of data 
in a stipulated order on each connection route, thereby scheduling communication so 
that nearly 100% of the capacity of the bus can be used, and simultaneously achieving 
massively parallel pipeline processing. 

In order to demonstrate its effectiveness, we shall later present an example of a 
method of constructing a system wherein a sort of 1 billion records is completed in 
roughly one second in a realistic system design. This is more than 100,000 times the 
speed of the fastest known device. This method will be described later as "bus 
reconfiguration." 

Problem 3 with the "supply of programs" can be solved by adopting the SIMD 
scheme. In the case of SIMD, the largest problem is how to solve the implicit (non- 
explicit) division of processing among the various processors, but this problem of 
division of processing can be solved automatically with the aforementioned "multi-space 
memory" technique, so the degree of freedom of programming can be kept even with 
SIMD. 

To wit, the present invention has as its object to provide a distributed memory 
type computer architecture wherein the input/output of elements within an array stored 



in various lypes of memory can be performed with a single instruction, and extremely 
high-speed parallel processing is achievable. 

SUMMARY OF THE INVENTION 

The object of the present invention is achieved by the architecture of a parallel 
computer comprising: a CPU module, a plurality of memory modules, each of which 
having a processor and RAM core, and a plurality of sets of buses that make 
connections between said CPU and memory modules and/or connections among 
memory modules, wherein the processors of the various memory modules operate on 
an instruction given by the CPU to the processors of the various memory, and wherein 
said architecture of a parallel computer is constituted such that: a series of data having 
a stipulated relationship is given a space ID and the processor of each memory module 
manages a table that contains at least said space ID, the logical address of the portion 
of the series of data that it manages itself, the size of said portion and the size of the 
series of data, and, the processor of each memory module determines if the portion of 
the series of data that it manages itself is involved in a received instruction, reads data 
stored in the RAM core and sends it out on a bus, writes data given via the bus to the 
RAM core, performs the necessary processing on the data, and/or updates said table. 

By means of the present invention, a series of data can be addressed using a 
space ID and even if said series of data is divided among many memory modules, the 
processor of each memory module can reliably recognize said series of data. In 
addition, a memory module uses a table to address the series of data and the portions 
thereof it manages by itself, so that upon receipt of instructions, the stipulated 
processing can be executed by looking up that table. Thereby, parallel processing 
among the various processors can be achieved based upon a single instruction. 

In a preferred embodiment of the present invention, the processor has: a space 
comparator that compares the space ID given by the CPU against the space ID of one 
or more series of data that it manages itself, an address comparator that compares the 
logical address given by the CPU against the logical address of the portion of the data 
that it manages itself, and an address calculator that calculates the physical address in 
its own RAM cell based on said logical address. These comparators and calculators 
may be constituted in hardware or they may be implemented in software by 
programming the processor. 

In addition, in another preferred embodiment of the present invention, each of 
said memory modules receives a synchronization signal for achieving synchronization 
with the CPU module and other memory modules, and it is constituted such that it 
comprises input thai is conneclable to any of said plurality of sets of buses, and output 
that is conneclable to any other of said plurality of sets of buses, and at least, it is able 



lo oulput data according lo said synchronization signal by connecting the input to one 
of said buses, inputting data and connecting the oulput to any of said other buses. 

By means of this embodiment, data output from the memory modules and data 
input to the memory modules are performed according lo the synchronization signal, 
and also, it is possible to achieve parallel processing appropriately by controlling the 
bus connections. 

It is even more preferable if switches are provided on each of said sets of buses, 
thereby controlling the connections between said CPU module and the input or output 
of any of the memory modules, and/or between the input and output of one memory 
module and the oulput and input of another memory module, and by switching said 
switches, the exchange of parallel data is achieved in each of said sets of buses. 
Thereby, the plurality of sets of buses can be used even more effectively and 
parallelism can be increased even further. 

In a further preferred embodiment of the present invention, the output of one 
memory module is connected to the input of another memory module via a first bus 
which is one of said plurality of sets of buses, and the output of said other memory 
module is connected to the input of still another memory module via a second bus 
which is another one of said plurality of sets of buses, so that the exchange of data 
over the first bus proceeds in parallel with the exchange of data over the second bus. 
In this manner, by means of this embodiment of the computer, it is possible to achieve 
pipeline processing by means of the CPU module and memory module. It is even more 
preferable for the connections between said bus and memory module to be repeated to 
form multi-stage connections among memory modules. 

In another preferred embodiment of the present invention, when said processor 
receives an instruction to delete a specific element within a series of data, insert a 
specific element into said series of data, or add a specific element to the end of a series 
of data, said processor performs a table lookup, compares the region of data that it 
manages itself against the position of said element subject to deletion, insertion or 
addition, and based on the results of said comparison, updates the content of said table. 
To wit, the processor updates the tables that it manages itself; lo wit, the deletion, 
insertion and addition of elements can be achieved by remapping. 

In still another embodiment of the present invention, in response lo a given 
instruction, said processor converts subscripts lor specifying elements within a series 
ol data, and/or executes value conversion for giving a specific modification lo 
elements. 



In addition, the object of the present invention may also be achieved by an 
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information processing unit comprising: a CPU module, a plurality of memory 
modules, each of which having a processor and RAM core, and a plurality of sets of 
buses that make connections between said CPU and memory modules and/or 
connections among memory modules, wherein the processors of the various memory 
modules operate on an instruction given by the CPU to the processors of the various 
memory, and wherein said information processing unit is constituted such that: a series 
of data having a stipulated relationship is given a space ID and the processor of each 
memory module manages a table that contains at least said space ID, the logical 
address of the portion of the series of data that it manages itself, the size of said 
portion and the size of the series of data, and, the processor of each memory module 
determines if the portion of the series of data that it manages itself is involved in a 
received instruction, reads data stored in the RAM core and sends it out on a bus, 
writes data given via the bus to the RAM core, performs the necessary processing on 
the data, and/or updates said table. 

Moreover, the object of the present invention is also achieved by a computer 
system comprising the aforementioned information processing unit and one or more 
storage devices including legacy memory, input devices and display devices linked to 
the CPU module via another bus. 



BRIEF EXPLANATION OF THE DRAWINGS 

This and other objects of the present invention will be made clear in reference to 
the appended drawings and embodiments. Here: 

FIG. 1 is a block diagram showing the configuration of a computer system 
according to an embodiment of the present invention. 

FIG 2 is a schematic block diagram showing a memory module according to this 
embodiment. 

FIG. 3 is a diagram showing the arrangement of a series of data in a single 
memory space. 

FIG. 4 is a diagram showing the arrangement of a series of data in a multi-space 
memory according to the present invention. 

FIG 5 is a diagram used to describe address mapping according to this 
embodiment. 

FIG 6 is a diagram used to describe value modification according lo this 



embodiment. 



FIG. 7 is a schematic diagram of pipeline processing among memory modules 
according to this embodiment. 

FIGs. 8A to 8C are diagrams used to describe the structure of a memory module 
14 under a multi-space memory according to this embodiment. 

FIGs. 9Ato 9C are diagrams used to describe the structure of a memory module 
14 under a multi-space memory. 

FIGs. 10A to IOC are diagrams used to describe the structure of a memory 
module 14 under a multi-space memory. 

FIG. 11 is a flowchart showing the process executed in the various memory 
modules upon receiving an instruction to delete a stipulated range of elements within a 
certain space ID. 

FIGs. 12A to 12F are diagrams illustrating the relationship between deleted 
elements and the arrangement of elements kept in a memory module. 

FIG. 13 is a flowchart showing the process executed in the various memory 
modules upon receiving an instruction to delete a stipulated range of elements within a 
certain space ID. 

FIG 14 is a flowchart showing the process executed in the various memory 
modules upon receiving an instruction to add elements to the end of a certain space ID. 

FIGs. 15A and 15B are diagrams used to describe the joining of arrays and 
division of arrays according to this embodiment. 

FIGs. 16Aand 16B are diagrams showing the state of an array having a space ID 
of "10" and an array having a space ID of "11" in this embodiment, along with them 
stored in a memory module. 

FIG. 17 is a figure showing an array obtained by the joining of arrays and a space 
ID control table in various memory modules in this embodiment. 

FIG. 18 is a diagram showing one example of an array having a space ID of "10" 
being divided into an array having a space ID of "10" and an array having a space ID of 
"11" in this embodiment. 



FIG. 19 is a figure showing an array obtained by the joining ol arrays and a space 
ID control table in various memory modules in this embodiment. 
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FIG. 20 is a diagram showing ihc parallel copying of data from one memory 
module group to another memory module group according to this embodiment. 

FIG 21 is a diagram used to describe the use of converted flags according to this 
embodiment. 

FIG 22 is a diagram used to describe the use of converted flags according to this 
embodiment. 

FIG 23 is a diagram used to describe the flow of the sorting process according to 
this embodiment. 

FIG 24 is a diagram used to describe the flow of the sorting process according to 
this embodiment. 

FIG 25 is a diagram showing the data lookup procedure wherein a field value is 
determined from the record number according to this embodiment. 

FIG 26 is a diagram used to describe the How of another sorting process 
according to this embodiment. 

FIG 27 is a diagram used to describe the flow of the search process according to 
this embodiment. 

FIG 28 is a diagram used to describe the flow of the search process according to 
this embodiment. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 
[Hardware Configuration] 

Here follows a description of the embodiments of the present invention made 
with reference to the appended drawings. FIG 1 is a block diagram showing the 
configuration of a computer system according to an embodiment of the present invention. 
As shown in FIG 1, a computer system 10 comprises a CPU module 12 that performs 
parallel operations based on a single instruction, memory modules 14-1, 14-2 and 14-3 
that store various types of data required for parallel operations, a hard disk drive 16 that 
stores required programs and data, a keyboard, mouse or other input device 18, display 
20 consisting of a CRT or the like and legacy memory 22 that stores data and the like in 

various formats. In addition, on buses 24-1, 24-2 switches 28-1, 28-2, 28-3, ... and 

the like are placed at points of contact with the various memory modules 14, so the 
selected circuit elements are able to exchange information. In addition, switches 30-1, 
30-2, ... are provided between the CPU module 12 and memory module 14-1 to make 
bus links and connections among adjacent memory modules. Nolc thai in the drawings 



appended to ihis Specification, the memory modules may be indicated by "PMM" for 
convenience. 

A plurality of buses 24-1, 24-2, 24-3, 24-4, ... is provided between the CPU 
module 12 and the memory modules 14. Accordingly, data and the like can be 
exchanged among the memory modules by means of the aforementioned buses. In 
addition, a signal control line 25 is provided between the CPU 12 and the memory 
modules 14, so that instructions issued by the CPU 12 are transmitted to all of the 
memory modules 14. 

Moreover, a local bus 26 is provided between the CPU 12 and various other 
constituent elements (e.g., the hard disk drive 16, input device 18, etc.), so data and the 
like can also be exchanged among them also. The CPU 12 reads a program stored on the 
hard disk drive 16 or RAM or other storage devices (not shown) connected to the local 
bus 26, and follows this program to execute the sending of instructions to the memory 
modules 14 and other exchanges of data, along with control of the switches 28, 30 and 
the like. In addition, in accordance with the program, the CPU 12 accepts data in various 
formats stored in legacy memory 22, converts this formatted data to a series of data 
(array) that can be processed by the system consisting of the CPU 12, memory modules 
14 and bus 24, and stores this in the various memory modules 14. 

FIG 2 is a schematic block diagram showing a memory module 14 according to 
this embodiment. As shown in FIG. 2, the memory module 14 consists of a clock buffer 
32 that accepts clock and other synchronization signals given by the CPU module 12, a 
RAM core 34 that stores data, a processor (MPU: memory processing unit) 36 that 
recognizes the space ID and element numbers of data (to be described later), and upon 
accepting an instruction or the like from the CPU 12, writes data to the RAM core 34 or 
reads data from the RAM core based on the space ID and element number, and an I/O 
unit 38 that receives data from one of the buses and supplies it to the RAM core 34, 
and/or sends data from the RAM core 34 and sends it out on one of the buses. In this 
embodiment, the memory module 14 is able to receive instructions from the CPU via the 
signal control line 25, respond to these instructions and perform the reading of data from 
the RAM core 34, writing of data to the RAM core 34 or perform other stipulated 
processing on data. In addition, data access to the RAM core 34, and data input and data 
output via the I/O unit are executed based on a clock or other synchronization signal 
given by the clock buffer 32. 

As is clear from FIG. I and FIG 2, in the present invention, the computer system 
10 may be thought of as a shared memory type system. In addition, as described later, 
processing is executed in parallel by the various memory modules 14 by giving 
instructions to the memory modules 14 via the signal control line 25. In addition, data 
output to the bus and data input from the bus and the like arc executed based on 
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stipulated synchronization signals. Accordingly, this computer system 10 may be 
considered to take the form of a SIMD system. 

[Overview of Implemented Functions] 

Before presenting a detailed description of a computer system 10 that has such a 
configuration, we shall briefly describe an overview of the functions implemented by 
this computer system 10. 

(1) Multi-Space Memory 

In this Specification, a "multi-space memory" refers to a memory wherein the 
memory space is allocated such that it is accessed based on a space ID and address. 
Thereby, even when a series of data is divided among many processors, each processor 
is able to separate and recognize it reliably. 

In the conventional memory space, even if separate regions are allocated for each 
process, the allocation of memory space was not performed for each series of variables 
(arrays, structures, etc.). Accordingly, such a conventional memory space is described in 
the following as a "single memory space. " In a system with a single memory space, data 
access is performed using only the address, so it was not possible to separate or 
recognize a series of associated data. For this reason, even if parallel processing is 
actually possible, there are many cases in which this cannot be determined. In addition, 
when a new series of data is stored in a certain single memory space, it was necessary to 
perform garbage collection in order to secure a place to store the series of data in 
question. 

In contrast, in the present invention, a space ID is introduced into the memory 
space, thereby applying the same ID to a series of data. In addition, each of the memory 
modules 14 recognizes the space ID for the data kept in its own RAM core 34, and 
thereby each memory module 14 is able to determine whether or not it needs to operate 
by looking up the space ID of the data currently being accessed. In addition, because 
each memory module 14 can keep all or some of a series of data associated with a space 
ID, it is possible to store a certain series of data divided among a plurality of memory 
modules 14, and thereby garbage collection becomes unnecessary. 

For example, as shown in FIG. 3, consider the case wherein the "A" series of data, 
"B" series of data, ... are stored in a single memory space. Assume, for example, the 
total memory size is 32 words, and the total size of the aforementioned series of data is 
30 words. Because these series of data arc scattered throughout the space, even though 
there is 12 words of unused memory, the largest series of data that can actually be stored 
is limited to 3 words. For this reason, in order to store a new scries of data that is larger 
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than 3 words in size, it is necessary to perform garbage collection. On the other hand 
with the present invention, a space ID is applied to each series of data. These are stored 
in one or more memory modules 14 associated with the space ID. Accordingly, the 
amount of unused memory can be made to match the amount of available memory. 

(2) Memory Modules 

In addition, in the present invention, each of the memory modules 14 has a 
processor 36 that recognizes the individual element numbers of the series of data that it 
keeps itself. Accordingly, upon accepting an instruction from the CPU 12, the processor 
36 is able to determine whether the data to be accessed according to the instruction is 
kept within its own RAM core 34 or not and thereby determine whether access is 
necessary or not. Moreover, each of the memory modules 14 is able to determine from 
the range of subscripts in the array elements stored in its own RAM core 34 the range of 
the burden of implicit processing in instructions under SIMD. 

In addition, in the present invention, the memory module 14 is able to perform 
address remapping. For example, as shown in FIG. 5, when a certain element is inserted 
at a stipulated position in a certain array, or when an element at a stipulated position is 
to be deleted, or a stipulated element is added to the end of an array, according to this 
embodiment, this can be performed quickly in parallel by the processor 36 performing 
address remapping on each of the memory modules that keeps elements associated with 
the array in question. Moreover, as shown in FIG. 6, when array elements (values) are 
modified (for example, when "1" is added to each value), the processor 36 can perform 
the required processing quickly and in parallel on each of the memory modules that 
keeps associated array elements. 

In addition, in the memory modules 14, the processor 36 can determine the size 
of the data to be stored in the RAM core 34, and store it in compressed form. For 
example, in the event that integer-value data is to be kept in a certain memory module 
14, but the actual data values can contain only values in the range from 0 to 3, then the 
processor 36 prepares only 2 bits to store each data value. In the event that 32 bits are 
used to represent one integer on the bus with the CPU 12, then in order to perform 
communication between the memory module 14 and the CPU 12, it is sufficient for the 
processor 36 to change the data format and then perform the exchange with the CPU 12. 
Thereby, RAM core 34 can be utilized fully without waste. In addition, text strings or 
other types of variable-length data can also be similarly stored by changing the data 
length. 

Moreover, in the memory modules 14, it is possible to set a specific value (e.g., 
44 CT) to data associated to a stipulated space ID or data assigned element numbers in a 
stipulated range. Thereby, it is possible to perform the initialization process quickly 
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within the memory module 14. In addition, it is possible to search for values within 
specific data (arrays) or check the range of subscripts. 

(3) Reconfigurable Bus 

With the present invention, the CPU 12 is able to selectively turn on/off switches 
28-1, 28-2, ... and switches 30-1, 30-2, and thus specify the memory module 14 with 
which data is to be exchanged, thereby achieving pipeline processing. For example, as 
shown in FIG 7, if data output from a certain memory module 14-i is to be given to 
another memory module 14-j, and data output from this other memory module 14-j is to 
be transferred to yet another memory module 14-k, then the CPU 12 sets the states of the 
various switches so that bus 24-m is allocated to memory modules 14-i and 14-j and bus 
24-n is allocated to memory modules 14-j and 14-k. 

Moreover, this pipeline processing can be achieved not only in the case of 
connections among single memory modules, but it can also be achieved by connections 
among a plurality of series of memory modules (memory module groups). Depending on 
the processing to be achieved, the various memory modules can be reconnected so that it 
is possible to perform one-directional continuous transfer of stipulated types of data in a 
stipulated order on each connection route, thereby scheduling communication so that 
nearly 100% of the capacity of the bus can be used. Thereby, the poor performance of 
interprocessor communication which is the greatest problem of distributed memory type 
parallel processing systems can be solved. 

In a computer system 10 having such a constitution, here follows a description of 
the specific constitution of the multi-space memory and the operation of the system in 
the multi-space memory. 

[Multi-Space Memory] 

FIGs. 8A to 8C are diagrams used to describe the structure of a memory module 
14 under a multi-space memory according to this embodiment. As shown in FIG 8A, a 
space ID control table is provided in the RAM core 34 within the memory module 14. 
Thereby, the processor 36 of the memory module 14 can determine the space ID of the 
data kept by itself and other necessary information. 

As shown in FIG 8B, the space ID control table contains, for each group of data 
it keeps, the space ID, the logical start address under CPU control, the size of the region 
allocated to the data group, the physical start address within RAM core 34, ihe total size 
of the series of data having the space ID in question, and access conlrol Hags that 
control access. In this embodiment, the access control Hags can be set lo one of the three 
stales of read only (R), wrile only (W) or read/write enabled. 



When given a dala group having a certain space ID, Ihe processor 36 of the 
memory module 14 finds one or more regions in the RAM core 34 where the data group 
in question is to be stored and stores the data group in said regions as is or divided into 
two or more parts. At this time, the logical start address within the RAM core where the 
data is actually stored and the allocated region size are stored in the space ID control 
table together with the given space ID, logical start address, total size and access control 
flags. FIG 8C is a diagram showing the data stored within the RAM core 34 according 
to the space ID control table of FIG 8B. 

[Brief Discussion of Memory Access] 

Here follows a description of accessing a memory module 14 having such a 
constitution. As shown in FIGs. 9A to 9C, the CPU 12 first transmits the space ID, 
logical address and required instruction (e.g., read or write data) to all memory modules 
14 via the signal control line 25. In response, each of the memory modules 14 uses the 
space comparator 52 provided in the processor 36 to compare the space ID against the 
space ID's kept in its own space ID control table, and determine if the same one is kept 
by itself. Also, the address comparator 54 performs the same type of determination 
regarding the logical address. Next, if the data subject to the instruction is determined 
to be kept within its own RAM core 34, the processor 36 of the memory module 14 
uses an address calculator 56 to look in the space ID control table to calculate the 
physical address within RAM core 34 and identify the data subject to processing. 

Once the data is identified in this manner, the processor 36 executes the 
processing corresponding to the instruction given by the CPU 12 (e.g., read or write 
data), and if necessary, transmits the data to the CPU 12 (see FIG 9C). 

[Specific Operations with Multi-Space Memory: Delete Array Elements, etc.] 

Here follows a description of an example of a series of operations going from the 
state wherein a series of data (hereinafter referred to an "array" in certain cases) having 
a certain space ID is stored in one or more memory modules 14 to the slate wherein a 
specific element is deleted. 

Consider the case wherein a data group belonging to the space ID "010" is stored 
in a certain memory module 14-i as shown in FIG 10A, and a data group belonging to 
the space ID "010" is stored in another memory module 14-j as shown in FIG 10B. For 
example, one can sec that in memory module 14-i, dala at the logical addresses from "0" 
to "59" is stored starling at the physical address of "100" of that RAM core. In this case, 
the virtual array is as shown in FIG 10C. 

Here follows a description of the process of deleting a specific element when a 



certain array is stored in a plurality of memory modules in this manner. Consider the 
case in which an instruction to delete the elements 50 through 59 of the space ID "010" 
is issued from the CPU 12 via signal control line 25. FIGs. 11 and 13 are flowcharts that 
show the process in the case in which an instruction to delete elements in a stipulated 
range within a certain space ID is received and executed on the various memory 
modules. 

The processor 36 of each memory module receives the instruction given via the 
signal control line 25, interprets the content (Step 1101), examines the "space ID" within 
the instruction (Step 1102), and makes the judgment as to whether the data kept in its 
own RAM core 34 is associated with the space ID (Step 1103). If the result of Step 1103 
is No, processing ends. If the result is Yes, the processor 36 looks into the space ID 
control table and determines whether the data group pertaining to the space ID in 
question is writeable or not, and if the size of the range to be deleted is smaller than the 
entire size or not (Step 1104). If the checks detect an error (Yes in Step 1105), then the 
processor 36 reports via the signal control line 25 that an error has occurred. On the 
other hand, if no error is present, the processor 36 compares the range requested to be 
deleted by the instruction against the range of elements kept in its own RAM core 34 
(Step 1107), and various processes may be executed depending on the results of this 
comparison (Step 1108). 

First, in the case in which the range to be deleted is after the range of elements 
kept by itself (see FIG. 11, "A" and FIG. 12A), the processor 36 performs no operation 
(see Step 1109). If the range to be deleted is at a position that overlaps the latter part of 
the elements kept by itself (see FIG. 11, "B" and FIG 12B), then the processor 36 
changes the allocated region size (Step 1110). To wit, the size of the allocated region is 
changed such that the area from the start of the range to be deleted (see arrow 1201) to 
the end of the range of elements kept in its own RAM core 34 (see arrow 1202) becomes 
garbage. 

On the other hand, if the range to be deleted is before the range of elements kept 
by itself, (see FIG 11, "C" and FIG 12C), the processor 36 updates the logical start 
address so that the logical start address is decreased by the amount of the size requested 
for deletion (Step 1111). Moreover, if the range to be deleted is before the range of 
elements kept by itself and only part overlaps (see FIG 11, <l D" and FIG 12D), then the 
processor 36 changes the logical start address to the value at the start of ihc range to be 
deleted and also changes the physical start address to the physical address corresponding 
to the end of the range to be deleted "+1" (Step 1112). Next, the processor 36 updates 
the size of the allocated region (Step 1113). 

In addition, if the range to be deleted encompasses the range of elements kept by 
itself (see FIG 11, "E" and FIG 12E), the processor 36 deletes various data related to 



Ihc space ID in question from the space ID control table (Step 1114 of FIG 13). Finally, 
if the range to be deleted is encompassed within the range of elements kept by itself (see 
FIG 11, T and FIG 12F), the processor 36 divides the space ID control table into two, 
and may generate various data related to the portion in front of the deleted range and 
also generate various data related lo the portion behind the deleted range (Step 1115). 
Alternately, the processor 36 may also perform garbage collection on its own RAM 34. 

In this manner, the memory modules 14 operate in response to a single 
instruction (or space ID deletion instruction) from the CPU 12, so the required 
processing is performed in parallel in the stipulated memory modules. 

Next, we shall briefly describe the case of adding certain elements to the end of 
an array having a certain ID. FIG 14 is a flowchart showing the processing performed in 
the memory modules that receive the instruction to add an element to the end of an array 
having a certain space ID. Steps 1401 through 1406 of FIG 14 correspond to Steps 1101 
through 1106 of FIG. 11. Next, the processor 36 of each of the memory modules 14 
determines whether or not the element to be added should be stored in its own RAM 
core 34 (Step 1407). This can be achieved by the processor 36 performing a lookup of its 
own space ID control table. If the result of Step 1407 is Yes, the required values are 
updated in the space ID control table (for example, the allocated region size is changed 
depending on the number of elements to be added), and next the element to be added is 
written to the stipulated region within the RAM cell (Step 1409). Alternately, various 
values of the space ID control table may be generated and the elements lo be added may 
be written to the corresponding RAM cell. 

Next, the processor 36 updates the value of the "total size" associated with the 
space ID in question within the space ID control table (Step 1410). Even if the result of 
Step 1407 is No, the value of the associated "total size" within the space ID control table 
is updated. 

In the case in which elements are added at arbitrary positions within the array, a 
process similar to that of a delete request is performed in each of the memory modules 
14. 

[Specific Operations with Multi-Space Memory: Join or Divide Arrays| 

Next, we shall describe the case of joining multiple arrays as shown in FIG 15A 
and the case of dividing a single array into multiple arrays as shown in FIG 15B). In the 
computer system 10 according to this embodiment, an array having a certain space ID 
(space ID "100" in FIG 15A) and/or an array having another space ID (space ID "100" 
in FIG 15B) may be contained within the RAM core of a single memory module, or may 
be contained within the RAM cores of a plurality of memory modules. 
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FIGs. 16Aand 16B arc diagrams showing ihc state of an array having a space ID 
of "10" and an array having a space ID of "11," along with them stored in a memory 
module. The array 1501 with a space ID is "10" and the size of its various elements 
being 10 words is shown in FIG 16A. The elements within this array 1501 are stored in 
5 memory modules 14-1 through 14-x. In addition, the array 1510 with a space ID is "11" 
and the size of its various elements being 10 words is shown in FIG 16B. The elements 
within this array 1510 are stored in memory modules 14-1 through 14-x. 

When the CPU 12 issues via the signal control line 25 an instruction to the effect 
of "join the array with a space ID of 10 and the array with a space ID of 11," each of the 
10 memory modules 14 receive it and determine whether or not it is a transaction related to 
the space ID of data kept by itself. This process is nearly identical to that of Steps 1101 
through 1106 of FIG 11. 

Next, if the space ID of data kept by the processor itself pertains to the 
instruction, the processor of the memory module joins the arrays according to the 
15 following procedure. 

In the case illustrated in FIG 16 above, if the various pertinent memory modules 
14 keep elements of both the space ID of "10" and the space ID of "11," the values of 
the space ID control table related to the space ID of "11" are updated. More specifically, 
a lookup of the value of the "total size" pertaining to the space ID of "10" is performed 
20 and its logical start address is recalculated (see 1701 and 1702 of FIG 17, for example). 
In addition, the associated memory modules update the value of the "total size" within 
the space ID control table to one corresponding to the size of the two arrays combined 
(see 1703 of FIG 17, for example). FIG 17 is a figure showing the array 1710 thus 
obtained and the space ID control table the memory modules 14-1 through 14-x. 

FIG. 18 is a diagram showing one example of an array having a space ID of "10" 
being divided into an array having a space ID of "10" and an array having a space ID of 
"11" in this embodiment. The array division point in the array having a space ID of "10" 
shown in FIG. 18 is set such that the elements positioned before the division point are 
made into an array with the space ID of "10" while the elements positioned after the 
division point are made into an array with the space ID of "1 1." 

In this case also, when the CPU 12 issues via the signal control line 25 an 
instruction to the effect of "divide the array with a space ID of 10 into an array with a 
space ID of 10 and an array with a space ID of 11, using the division point as a 
boundary," each of the memory modules 14 execute processing roughly corresponding 
to that of Steps 1101 through 1106 of FIG 11, and among the memory modules, those 
pertaining to the instruction (in the example of FIG 18, memory modules 14-1 through 
14-x) execute the stipulated processing. For example, when storing the elements 
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posilioned after the division point, the processor 36 creates various values within the 
space ID control table pertaining to the space ID of "Oil" and also updates the values 
pertaining to total size among the space ID control table pertaining to the space ID of 
"010." In addition, when storing only the elements positioned before the division point, 
the processor updates the values pertaining to total size among the space ID control table 
pertaining to the space ID of "010." FIG 19 is a diagram showing the arrays 1901 and 
1902 thus obtained and the space ID control table in the memory modules 14-1 through 
14-x (see 1911, 1912 and 1913, for example). 

[Specific Operations with Multi-Space Memory: Parallel Copy] 

Here follows a brief explanation of a parallel copy under a multi-space memory 
using a reconfigurable bus, depending on the case. 

For example, as shown in FIG. 20, with a single instruction from the CPU 12 it is 
possible to perform a parallel copy of data from one memory module group 140 to 
another memory module group 141. The following modes of parallel copying are 
conceivable. 

(1) The case in which the one memory module group 140 contains a single 
memory module while the other memory module group contains a plurality of memory 
modules. 

(2) The case in which the one memory module group 140 contains a plurality 
of memory modules while the other memory module group also contains a plurality of 
memory modules. 

In the former case, the processor 36 of the memory module 14 containing the 
elements to be copied receives the CPU 12 via the signal control line 25 an instruction 
from (e.g., an instruction to copy stipulated elements within an array having a certain 
space ID as arrays with space IDs of 8, 9 and 10), and outputs the specified elements 
from the RAM core 34 to a stipulated bus. On the other hand, the processor 36 of the 
copy destination also responds to the receipt of the same instruction, receives the 
elements output from a bus and stores this in the stipulated region of the RAM core 34 
and also updates its own space ID control table. 

Regarding the latter case, it is possible to utilize a plurality of buses to copy data 
from each of the memory modules within the one memory module group 140 to 
corresponding memory modules of the other memory module group 141. In this case, it 
is sufficient for the CPU 12 to control the switches 28 and switches 30 so that the 
exchange of data between the stipulated memory modules is possible. 
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[Specific Operations with Multi-Space Memory: Hidden Updates, etc.] 

Using the multi-space memory according to this embodiment, subscript 
conversion can be used to convert input subscripts and specify an array with the 
converted subscripts and also modify the values of array elements. When a certain 
process is completed and committed and subscript conversion or value modification is 
no longer necessary, the processors of the various memory modules can rewrite the 
space ID control table regarding the arrays in question and perform remapping and thus 
instantly resolve subscript conversion. On the other hand, the value modification itself 
takes time because it is necessary to update elements actually stored in the RAM core. 
Accordingly, in the memory modules, converted flags are provided and elements in 
which value modification is reflected are actually stored in the RAM core and then the 
flags corresponding to the elements are set to "1." By doing this, in a certain process, if 
the conversion flag is looked up and this is "1" then it is not necessary to obtain value 
modification, but on the other hand if the conversion flag is "0" then it is necessary to 
obtain value modification, so this can easily be known. Accordingly, a commit can be 
achieved essentially instantaneously. 

Moreover, by using the multi-space memory according to this embodiment, for 
the value modification of a nest structure such as that shown in FIG. 21, it is possible to 
provide converted flags and look up these converted flags to know whether it is 
necessary to obtain value modification. 

[Use of Multi-Space Memory and Reconfigurable Buses: Sorting (1)] 

In this embodiment, by using multi-space memory and reconfigurable buses, it is 
possible to perform parallel sort processing based on a single instruction from the CPU 
12. Here follows a description of parallel sort processing in this embodiment. 

FIGs. 23 and 24 are diagrams used to describe the flow of the sorting process 
according to this embodiment. This sort processing can be broadly divided into the 
process shown in FIG. 23 (determining the count and calculating a total) and the process 
shown in FIG. 24 (transfer of record numbers). 

In order to implement the sort processing according to this embodiment, this 
embodiment uses pointers to the value list with a constitution such that the record 
number array that contains record numbers, the value list that contains the actual values 
tor a certain field, and the value (record number) from the record number array arc used 
as input and pointer values that indicate the storage position in the corresponding value 
list is obtained as output. To wit, the record number is used to look up a pointer value to 
the value list at a corresponding position, and the actual Held value is specified 
according to that pointer value (sec FIG. 25). 
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First, when ihe CPU 12 gives the required instruction via the signal control line 
25 to the memory modules 14, each memory module executes a process roughly 
equivalent to that of Steps 1101 through 1106 of FIG 11. In addition, the CPU 12 
controls switches 28 and 30 according to the notice from that memory module 
containing the record number among the associated memory modules so that the output 
of the series of memory modules containing the record number (the first memory 
module group 2301) is connected to a certain bus (called the "first bus"). 

Next, the CPU 12 controls switches 28 and 30 according to the notice from the 
that memory module containing the array of pointers to the value list so that the output 
of the series of memory modules containing the array of pointers to the value list (the 
second memory module group 2302) is connected to a certain bus (called the "second 
bus"). 

Furthermore, in another series of memory modules (the third memory module 
group 2303), a region is allocated for a "count array" having the same size (same 
number of elements) as the pointers to the value list, and each element is initialized to 
"0." Moreover, the input to the third memory module group is connected to the second 
bus above. 

Next, record numbers are sent out on the first bus in order from the beginning of 
the record number array. This is achieved by the processor 36 in every memory module 
in the first memory module group 2301 performing a space ID control table lookup, 
detecting the liming when it is to output data on the first bus and sending the stipulated 
record number. 

The record number is given via the first bus to each of the memory modules that 
make up the second memory module group 2302. The processor 36 of each memory 
module performs a lookup of its own space ID control table, detects the input of the 
record number associated to the array of pointers to the value list that it manages, and 
outputs a pointer value corresponding to the input in question to the second bus. 

The pointer value is given via the second bus to each of the memory modules that 
make up the third memory module group 2302. The processor 36 of each memory 
module performs a lookup of its own space ID control table, delects the input of the 
pointer value associated to the array of pointers to the value list that it manages, and 
increments the clement at the position in the count array corresponding to the pointer 
value. By repeating this operation, it is possible to know how many times the field value 
is being pointed to by the record number. 

When the aforementioned series of processes for the count array is complete, a 
lixed region is allocated in a series of memory modules in order to create an array tor 



storing ihe sorted record numbers. This series of memory modules is called the fourth 
memory module group 2304. The CPU 12 controls the switches 28 and 30 so that the 
output of the third memory module group used in the previous processing is connected 
to the input of the fourth memory module group via a bus (called the "third bus"). 

Once these preparations are complete, the sort process is performed. More 
specifically, starting from the beginning of the record number array, record numbers are 
given via the first bus to the memory modules that make up the second memory module 
group. In a stipulated memory module within the second memory module group, the 
processor 36 responds to the receipt of a record number by transmitting a pointer value 
to the third module group via the second bus. 

Next, in a stipulated memory module among the third memory module group, the 
processor 36 performs a lookup of the pertinent count array based on the pointer value 
and determines the storage position for the record number. Thereby, the record number 
and its storage position are sent from the memory module in question over the third bus. 
Accordingly, in the stipulated memory module of the fourth memory module group, the 
processor 36 places the record number at the stipulated storage location. By repeating 
this process, it is possible to create a sorted record number array (2410 in FIG. 24) in the 
fourth memory module group. 

For example, the process shown in FIG. 23 can be pipelined. To wit, when a 
certain record number p is transferred over the first bus, the pointer value P(p-l) 
pertaining to record number p-1 can be transferred over the second bus. In addition, the 
process shown in FIG. 24 can be similarly pipelined. In this case also, when a certain 
record number p is transferred over the first bus, the pointer value P(p-l) pertaining to 
record number p-1 can be transferred over the second bus. Moreover, the storage 
position pertaining to record number p-1 can be transferred over the third bus at the 
same timing. 

The following results are obtained regarding the processing time for such 
pipelined processes. First, regarding the processing of FIG. 23, the first through fourth 
buses are each assumed to be 128 bit, so each has a bandwidth of 12.8 GB/second, and 
the record numbers and pointer values are each assumed to be 32-bit integers. Now, in 
the case of 1 billion records, the aforementioned processing involves the transfer of 
4 billion bytes of data, but we found that if pipelined processing is performed the 
processing may be completed in 4G/12.8G = 0.3125 seconds. 

Similarly, regarding the processing of FIG. 24, assuming a similar bandwidth and 
data size, in the case of 1 billion records, the transfer of 8 billion bytes of data is 
necessary, so we found that if pipelined processing is performed the processing may he 
completed in 8G/12.8G = 0.625 seconds. 
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[Use of Mulli-Spacc Memory and Rcconfigurablc Buses: Sorting (2)] 

Next, we shall briefly describe sorting by another technique. In this sorting also, 
the output of the first memory module group (see 2601 of FIG. 26) consisting of memory 
modules that contain the record number array is connected to the first bus and the input 
of the second memory module group 2602 consisting of memory modules that store the 
array of pointers to the value list is connected to the first bus. Thereby, the output of the 
first memory module group 2601 can be transmitted to the second memory module 
group 2602 via the first bus. 

On the other hand, a region for an array having the same number of space ID's as 
the second memory module group 2602 is allocated in the third memory module group 
2603 and also the output of the second memory module group 2602 is connected to the 
input of the third memory module group 2603 via the second bus. 

Next, in the first memory module group 2601, when the processor 36 of the 
memory module that contains a certain record number sends the record number in 
question over the first bus, in the stipulated memory module of the second memory 
module group 2602, the processor 36 responds to its receipt and calculates the space ID 
from the corresponding pointer value and sends the record number and space ID over the 
second bus. 

In the third memory module group, based on the space ID and record number in 
question, the stipulated memory module 36 is started up and the record number given is 
placed at the end of the array having the space ID in question. Once this process is 
executed for all record numbers, in the third memory module group, the processor 36 of 
each memory module executes the process for joining the arrays that it has. High-speed 
sorting can be achieved by this technique also. 

[Use of Multi-Space Memory and Reconfigurable Buses: Searching (l)j 

In addition, in this embodiment, by using multi-space memory and reconfigurable 
buses, it is possible to perform parallel searching based on a single instruction from the 
CPU 12. 

FIGs. 27 and 28 are diagrams used to describe the How of the searching process 
according to this embodiment. For this searching, a record number array, array of 
pointers to a value list, value list and yes/no flag array and the like are used. 
Accordingly, in this example also, as shown in FIG 25, the values arc looked up in the 
order record number, pointer value, field value. 

First, when the CPU 12 gives the required instruction via the signal control line 
25 to the memory modules 14, each memory module executes a process roughly 



equivalent to that of Steps 1101 Ihrough 1106 of FIG. 11. In addition, the CPU 12 
controls switches 28 and 30 according to the notice from that memory module 
containing the record number among the associated memory modules so that the output 
of the series of memory modules containing the record number (the first memory 
module group 2701) is connected to a certain bus (called the "first bus"). Furthermore, a 
region is allocated in a series of memory modules (the second memory module group 
2702), for the yes/no flag array having the same number of elements as the value list, 
and the processor 36 of each memory module belonging to the second memory module 
group 2702 in question initializes each element in the region to "0." 

Next, the input of the second memory module group 2702 is connected to the first 
bus. Then, in accordance with search conditions given by the CPU 12, the processor 36 
in each memory module of the second memory module group performs a lookup for the 
field values that meet the search conditions within the value list, and sets the 
corresponding values in the yes/no flag array to "1." For example, if the search 
conditions are a range, then it is sufficient to use the binary tree method or the like. In 
addition, in case of other conditions, then matches may be judged for each element. 

Once this process is complete, the search is executed. First, the CPU 12 controls 
the switches 28 and 30 so that the output of a series of memory modules that contain the 
record number array (the third memory module group 2703) is connected to the first bus 
and the input of a series of memory modules that contain the array of pointers to the 
value list (the fourth memory module group 2704) is connected to the first bus. In 
addition, the CPU 12 controls the switches 28 and 30 so that the output of the fourth 
memory module group 2704 and the input of the second memory module group 2702 are 
connected to the second bus. 

Moreover, a region for an array having the same number of elements as the 
record numbers is allocated in a series of memory modules (the fifth memory module 
group 2705) and the CPU 12 controls the switches 28 and 30 so that its input and the 
output of the second memory module group 2702 arc connected via the third bus. 

After this process, record numbers are sent out on the first bus in order from the 
beginning of the record number array. This is achieved by the processor 36 in every 
memory module in the third memory module group 2703 performing a space ID control 
table lookup, delecting the timing when it is to output data on the first bus and sending 
the stipulated record number. 

The record number is given via the first bus lo each of the memory modules that 
make up the fourth memory module group 2704. The processor 36 of each memory 
module performs a lookup of its own space ID control table, delects the input of the 
record number associated to the array of pointers lo the value list that it manages, and 
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outputs a pointer value corresponding to the received record number and input in 
question to the second bus. 

The pointer value is given via the second bus to each of the memory modules that 
make up the third memory module group. The processor 36 of each memory module 
5 performs a lookup of its own space ID control table, detects the input of the pointer 
value indicating the same position as the position in the yes/no flag array that it manages, 
and determines whether the yes/no flag indicating the pointer value in question is "0" or 
"1." Next, if the yes/no flag is "1" then the pertinent record number is given to the fifth 
memory module group 2705 via the third bus. 

In the fifth memory module group 2705, the processor 36 of each memory 
module in the fifth memory module group 2705 performs a lookup of its own space ID 
control table, delects the input of a record number indicating the same position as the 
position in the hit information storage array that it manages, and sets the element for that 
position to "1." By repeating this process for the stipulated record number, the search is 
completed by extracting the elements that are "1" in the hit information storage array. 

In the same manner as the sorting, the aforementioned searching can also be 
implemented by means of the pipelined processing of the process described in reference 
to FIG 27 and the process described in reference to FIG 28. The following results were 
obtained regarding the processing lime for the pipelined processing of searching. 

20 Assuming that the bus bandwidth and bit length of the various elements are the 

same as in the sorting, in the case of 1 billion records, the transfer of 8 billion bytes of 
data is necessary, so we found that if pipelined processing is performed the processing 
may be completed in 8G/12.8G = 0.624 seconds. 

Moreover, if this search process is used, it is possible to achieve searches on 
25 multiple fields using a combination of AND, OR or NOT or other Boolean logic. More 
specifically, it is sufficient to create a hit information storage array for each field and 
then perform Boolean operations among the elements of these fields. 

For example, in an AND or OR search on two fields, the transfer of elements of 
the hit information storage array (1 billion bytes) is performed. Accordingly, one can see 
30 that this would require processing time of ( 10G/8)/l 2.8G = 0.098. 

Moreover, in order to achieve even higher speeds, it is sufficient to connect in 
parallel memory module groups thai execute Iwo search processes. In addition, by 
placing the arrays such that ihe fourth memory module group and second memory 
module group can be constituted with the same plurality of memory modules, il would 
35 be possible lo eliminate bottlenecks and thus achieve roughly twice the processing speed. 
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The present invention is in no way Iimiled to the aforementioned embodiments, 
as various modifications are possible within the scope of the claims, and it need not be 
said that these are still included within the scope of the present invention. 

For example, while the present invention was applied to a computer system in the 
5 aforementioned embodiments, but this is not a limitation, as it may also be applied to a 
computer board that can be connected to a personal computer or the like. In this case, in 
FIG. 1, the CPU 12, memory units 14, bus 24 and the like may be mounted upon the 
board, thereby constituting an information processing unit according to the present 
invention. 

10 In addition, the number of sets of buses that connect the CPU 12 and memory 

modules 14, and/or the memory modules 14 to each other is not limited to those in the 
aforementioned embodiments, but rather this number may be determined appropriately 
in consideration of the size of the circuit board on which the computer system is 
mounted, the bit width of the various buses and the like. In addition, in the 

15 aforementioned embodiment, switches 28 for setting the connections between memory 
module input/output and the buses and switches 30 that are able to switch buses between 
the CPU and memory modules and among memory modules are provided. By providing 
switches 30, for example, a certain bus (see bus 24-4 of FIG. 1) can be used for both the 
exchange of data between the CPU module 12 and memory module 14-1, it can also be 

20 used for the exchange of data between memory module 14-2 and memory module 14-3 
(in this case, it is sufficient to turn switch 30-5 off). Accordingly, the buses can be 
utilized effectively. However, in the case in which the number of sets of buses can be 
made large enough, or in the case that the number of memory modules is relatively few, 
the switches 30 need not necessarily be provided. 

25 In addition, this Specification recites that the instructions from the CPU 12 are 

given via the signal control line 25, but in addition to the instructions, naturally clock 
signals or various other control signals for making the various memory modules to 
operate synchronously may also be given via the signal control line 25, and also 
stipulated signals from the various memory modules to the CPU 12 (for example, error 

30 signals and signals that indicate the receipt of data) may be given. 

Moreover, in this Specification, the function of one means may be implemented 
by two or more physical means, or the functions of two or more means may be 
implemented by one physical means. 

By means of the present invention, it is possible to provide a distributed memory 
35 type computer architecture wherein the input/output of elements to arrays stored in 
various memories can be achieved with a single instruction, and also extremely high 
speed parallel processing can be achieved. 



FIELD OF THE INVENTION 



The present invention is usable in systems that handle large amounts of data, for 
example, databases and data warehouses. More specifically, it is usable in large-scale 
scientific and technical calculation, control systems for plants and power supply and 
the like, and to order management and the management of mission-critical clerical 
work such as securities trading. 



